Introduction
Department of Livestock Services, Farmgate, Dhaka, Bangladesh Babesiosis and anaplasmosis are important tick borne diseases (TBDs) of farm animals. Babesiosis is a haemoprotozoan and anaplasmosis is a haemobacterial infection of cattle (Dumler et al., 2001) . Both diseases have a serious economic impact due to obvious reason of morbidity and mortality, decreased production and lowered working efficiency, and have been reported in Bangladesh (Chowdhury et al., 2006; Karim et al., 2012; Siddiki et al., 2010; Talukdar and Karim, 2001 ). The agroecological and geo-climatic conditions of Bangladesh are highly favorable for growth and multiplication of ticks which act as natural vectors of babesiosis and anaplasmosis. Though several species of Babesia and Anaplasma are involved in the occurrence of babesiosis and anaplasmosis, commonly bovine babesiosis is caused by the hemoprotozoa Babesia bovis and Babesia bigemina, and anaplasmosis is caused by the Anaplasma marginale and Anaplasma central (Dumler et al., 2001; Lucimar et al., 2014) . The most important biological vector for these four agents is the tick Rhipicephalus (Boophilus) microplus, which is distributed in tropical and subtropical regions (Estrada-Pena et al., 2006) . In addition to the biological transmission by ticks, A. marginale can be transmitted mechanically by blood sucking flies or iatrogenically by fomites contaminated with blood from infected cattle (Dreher et al., 2005; Kocan et al., 2010) . The pathogens that cause TBDs are often found together within a single host (Georges et al., 2001; Simuunza et al., 2011) . The dynamics of infection of these parasites are dependent on factors such as vector population, transmission capability of the vector, and host susceptibility (Kocan et al., 2010) . Babesiosis and anaplasmosis are widely distributed throughout the world, particularly in tropical and subtropical countries including India, Pakistan and Bangladesh (Ghosh et al., 2007) . Banerjee et al. (1983) recorded 14.53% overall prevalence of subclinical babesiosis through a serological survey in three dairy farms in Mymensingh and Dhaka districts of Bangladesh. Chowdhury et al. (2006) recorded much higher prevalence (70%) of anaplasmosis in clinically suspected cattle of Sirajganj district than those of other inland reports. Talukdar and Karim (2001) reported that 33% cattle of Baghabari Milk Shed Area had Anaplasma infection. Siddiki et al. (2010) recorded lower prevalence (1%) of haemoprotozoan diseases in Red Chittagong Cattle in some areas of Chittagong district. A wide range of mortality (6 to 33%) associated with clinical signs of these diseases have also been reported in cattle of Bangladesh (Karim, 2013; Samad, 1988) . However, it is necessary to have the epidemiological data of a region in order to formulate and implement preventive measures. Recently, practicing veterinarians of different upazilas of Rangpur district had noticed that occurrences of babesiosis and anaplasmosis are increasing. But the epidemiological data on these diseases in Rangpur district is not known. The topography of Rangpur district is diversified by plane and riverine areas. Besides, Rangpur is one of the most important routes of cattle smuggling from India. In addition, the climatic condition and geographical location of the areas might favor the growth and multiplication of different vectors. Therefore, the present study was undertaken to estimate the prevalence and identify the potential risk factors associated with babesiosis and anaplasmosis in cattle.
Materials and Methods

Study areas and duration
A multistage random sampling method was applied according to Thrusfield (2005) . Among eight upazilas (Sadar, Mithapukur, Badarganj, Pirgacha, Pirganj, Taraganj, Gangachara and Kaunia) of Rangpur district two upazilas namely Gangachara and Pirgacha were selected randomly. Gangachara located 12 km north-west and Pirgacha located 20 km south-east from Rangpur district headquarter. Two unions from Gangachara and three from Pirgacha were randomly selected. From each union, two villages were randomly selected to have a total of 10 villages. One hundred and sixty households were randomly selected from 10 villages to have 400 cattle older than 7 months and of either sex. The study was conducted over a period of 9 months, from January to September 2014.
Sample size
A cross-sectional survey was conducted in 400 cattle of 2 upazilas of Rangpur district, namely Gangachara and Pirgacha. The minimum sample size (n=384) was calculated using the formula, n=Z 2 P(1-P)/d 2 Blood samples were collected from 400 cattle by puncturing ear vein of each cattle using sterile disposable syringe and butterfly needle. Three thin blood smears prepared from each sample before , considering the average expected prevalence of 50%, absolute desired precision of 5% and confidence level of 95% (Thrusfield, 2005) . Therefore, finally the survey was conducted with 400 cattleheads.
Data collection
Animal and herd level data along with other relevant information were collected using a pre-tested questionnaire through face to face interview of the farmers. Selected animals were categorized into three age groups: calves ( ≤1 year), young (> 1 -2.5 years), and adult (>2.5 years).
Collection and microscopic examination of blood samples
adding EDTA were fixed with absolute methanol and subsequently stained with Giemsa's stain and finally examined under microscope (100X). EDTA added to the remaining blood samples and shifted to the laboratory in ice box within the shortest possible time. The blood samples were preserved at -20°C for DNA extraction and PCR assay.
Extraction of DNA
DNA extraction was done only from Giemsa positive samples.
Genomic DNA Purification kit (WizardGenomic DNA Purification kit Promega Corporation, 2800 Woods Hollow Road, Madision U.S.A) was used to extract DNA from blood using manufacturer instructions.
Polymerase Chain Reaction (PCR)
Multiplex PCR was carried out in a final reaction volume of 50 μl in thin walled PCR tubes to amplify genomic DNA of B. bovis, A. marginale organisms. The TNC PCR Master Mix Kit (Promega, USA) was used for this purpose. Oligonucleotide primers used for PCR amplification of selective genomic DNA of B. bovis and A. marginale organisms are listed herewith ( Table 1 ). The final reactions volume were cycles of 94 °C for 1 min, annealing at 52 °C for 1 min, elongation at 65 °C for 1 min, with a final step at 65 °C for 10 min. The amplification products were separated on 1.5% agarose gel stained with ethidium bromide and photographed.
Data analysis
Data were entered into Epi Info V. 3.5.3 (CDC, Atlanta) and checked carefully for any missing or inconsistent data. Prevalence and odds ratio were calculated by using the "Table" function in the software.
Results
Microscopic and PCR findings
Primers name
Sequence Target genes and amplicon size Reference
A. marginale F (5´-GCT CTA GCA GGT TAT GCG TC-3´)
Major surface protein-1b gene-265 bp Bilgic et al. (2013) R (5´-CTG CTT GGG AGA ATG CAC CT-3´)
B. bovis F (5´-CAA GCA TAC AAC CAG GTG G -3´)
Multi-copy VESA-1a gene-166 bp R (5´-ACC CCA GGC ACA TCC AGC TA-3´) copy VESA-1a gene-166 bp of B. bovis, which indicated that Babesia organisms found in microscopic examination were not Babesia bovis suggesting that they were B. bigemina. However, 14 samples positive for Anaplasma organisms on microscopic examination generated an amplicon of 265 bp in mPCR (Figure 3 ), expected size of targeted area from Major surface protein-1b gene-265 bp of A. marginale suggests that the organisms were A. marginale. 
Prevalence of babesiosis and anaplasmosis in cattle
As PCR was carried out with primers targeted for only Babesia bovis and Anaplasma marginale, the microscopic results were considered for the diagnosis of Babesia and Anaplasma infections. The overall prevalence of Babesia and Anaplasma infection were 1.5% and 3.5%respectively (Table 2-3). All the cattle except one positive either for Babesia or for
Anaplasma had high fever (>104°F) without any other clinical signs. However, of all the positive cases, no rise in rectal temperature was observed in one cattle which had mixed infection with Babesia and Anaplasma.
The prevalence of Babesia infection was almost similar in cattle of Gangachara and Pirgachaupazilas, 1.3% and 1.7%, respectively (Table 2 ). And the prevalence of Anaplasma infection was comparatively higher than Babesia infection in these two upazilas, 3.8% and 3.3%, respectively (Table 3) . Though the prevalence of Babesia and Anaplasma infections was higher in crossbred cattle than those of local indigenous cattle but no significant difference was noted (Table 2-3).
Female cattle had insignificantly (P=0.381) higher infection rate (3.8%) with Anaplasma than the male cattle (2.3%) while infection with Babesia was not seen in any of male cattle. Age-wise analysis revealed that none of the calves (≤1 yr) had infection with either organism. However, infection with both organisms was more prevalent in young cattle (>1-2.5 yr) than those of adult cattle (>2.5 yr). The prevalence of Anaplasma infection was 3.8% and 2.3% in young and adult cattle, respectively (Table  3) while it was 2.2% and 1.4% in case of Babesia infection (Table 2) .
Risk factors of babesiosis and anaplasmosis in cattle
Availability of blood sucking ticks was one of the potential risk factors for both Babesia and Anaplasma infections. Around 27% (109/400) cattle were exposed to blood sucking ticks and, of them 3.7% and 9.2% had infection with Babesia and Anaplasma infections, respectively. In case of Babesia infection, the odds of cattle exposed to blood sucking ticks was about 6 times higher than those of unexposed to blood sucking ticks (95% CI = 0.99-30.49; P = 0.049), while it was about 7 times in case of Anaplasma infection (95% CI = 2.22-23.63, P< 0.001). Age (>1-2.5 yr) was another important risk factor which had significant association with the occurrence of Anaplasma infection (OR = 4.36, 95% CI = 1.47-12.92, P = 0.008).
Discussion
The present study provides basic information on the prevalence and associated risk factors of babesiosis and anaplasmosis in cattle of two representative upazilas of Rangpur district. The overall prevalence of Anaplasma infection (3.5%) was comparatively higher than Babesia infection (1.5%). Availability of blood sucking ticks was one of the potential risk factors for both Babesia and Anaplasma infections. Age (>1-2.5 yr) was identified as another important risk factor which had significant association with the occurrence of Anaplasma infection. On PCR assay, B. bovis was not detected in samples that were microscopically positive for Babesia organisms. Therefore, it may be assumed that microscopically positive Babesia organisms were B. bigemina. The existence of B. bigemina has also been reported earlier (Banerjee et al., 1983; Samad et al., 1989) . All the 14 samples positive for Anaplasma organisms on microscopic examination generated an amplicon of 265 bp following PCR assay with A. marginalespecific primers, which suggests that Anaplasma organsims detected here in this study were A. marginale. The overall prevalence of Babesia infection recorded in this study was 1.5%, which fully supports the earlier report of Siddiki et al. (2010) who recorded 1%, and partially supports the reports of Shahidullah (1983) , Samad et al. (1989) and Chowdhury et al. (2006) who recorded 2.29%, 3.28% and 3.3% prevalence of Babesia bigemina infection in cattle, respectively based on microscopic examination of peripheral blood smears. A recent study of Karim et al. (2012) also recorded Babesia and Anaplasma organism through Giemsa's staining of blood smear. However, the findings are discordant with the findings of Banerjee et al. (1983) who reported higher prevalence (14.53%) of subclinical babesiosis in dairy cattle of Mymensingh and Dhaka districts of Bangladesh. This might be due to the serological test (CA) the authors applied which might detect low level of infection in carrier animals. Odds ratio (95% CI) Odds ratio (95% CI) Anaplasma infection (3.5%) recorded in this study is in agreement with the reports of Shahidullah (1983) and Samad et al. (1989) who recorded 3% and 5.9% Anaplasma infection in cattle. However, the present findings contradict with the findings of Chowdhury et al. (2006) who recorded extremely higher prevalence (70%) of anaplasmosis than other inland reports. This difference might be due to the difference in study animals. The authors studied only clinically suspected cattle.
P-value
Breed
P-value
Breed
From this study it was revealed that crossbred cattle were affected more with anaplasmosis than indigenous cattle. Susceptibility of Anaplasma infection in crossbred cattle supports the earlier reports (Chowdhury et al., 2006; Sajid et al., 2014) . Occurrence of Babesia infection was slightly higher in crossbred cattle than indigenous cattle. Earlier reports also found breed susceptibility of Babesia infection in cattle (Alim et al., 2012; Chowdhury et al., 2006; Samad, 2008) . Constant exposure of infections and development of immunity against such infections might be responsible for lower prevalence in indigenous cattle (Siddiki et al., 2010) . On the contrary, more attention in the management of crossbred cattle gives less chance of pre-exposure of vectors and develops no or less immunity, resulting frequent occurrence of such diseases (Ananda et al., 2009; Chowdhury et al., 2006; Siddiki et al., 2010) . Age also influences the occurrence of Babesia and Anaplasma infections. It was revealed that higher prevalence of Babesia infection found in young cattle than adult, which supports the report of Atif et al. (2012) who recorded the highest prevalence of babesiosis in cattle of 1 to 2 years old. Similarly, significantly higher prevalence was recorded in young cattle than adult. However, earlier reports suggested that there was wide variation in the occurrence of Babesia and Anaplasma infections in different age groups (Alim et al., 2012; Atif et al., 2012; Chowdhury et al., 2006; Sajid et al., 2014) . Samad (2008) documented that young animals are less susceptible to babesiosis than cattle over 2 years of age and the infection is uncommon in animals over 5 years of age. Alim et al. (2012) and Ananda et al. (2009) 
also recorded that Babesia as well as
Anaplasma infections increased significantly (P < 0.05) with the increase of age and the highest prevalence was recorded in adult ( ≥ 3.5 years) crossbred cattle. Kamani et al. (2010) also recorded higher prevalence of Babesia as well as Anaplasma infections in adult than young cattle. However, Chakraborti (2002) and Chowdhury et al. (2006) reported that greater infection rate was in animal in the 6-12 months age group. The authors also reported that infection is uncommon in animals over 5 years of age.
The prevalence of Babesia infection in the present study revealed that the occurrence of Babesia infection found only in female cattle. Susceptibility of anaplasmosis in relation to sex recorded in this study revealed that prevalence of Anaplasma infection was more prevalent in female cattle, which also conforms with the earlier reports (Alim et al., 2012; Atif et al., 2012; Chowdhury et al., 2006; Kamani et al., 2010; Sajid et al., 2014) . The prevalence of Babesia and Anaplasma infection is higher in female cattle possibly due to the fact that they were kept longer for breeding and milk production purpose, supplied insufficient feed against their high demand ( Kamani et al., 2010) . Prevalence of Babesia as well as Anaplasma infections was significantly higher in tick infested cattle than the apparently tick free cattle. Tick infested cattle were about 6 times at greater risk of Babesia infection than the non-infested cattle. Similarly, tick-infested cattle found 7 times at greater risk of Anaplasma infection than tick free cattle. As blood sucking ticks are the vectors of both Babesia and Anaplasma organisms, the presence of them might influence the occurrence of infections with these organisms (Costa et al., 2013; Francisco de et al., 2013) . However, the role of hematophagous flies may not be excluded in the occurrence of and Anaplasma infections (Costa et al., 2013; Francisco de et al., 2013) as in the present study hematophagous flies were found in 157 out of 160 households. A limitation of this study was the diagnosis of Babesia and Anaplasma infections based on findings of the microscopic examination of Giemsa's stained peripheral blood smears only though multiplex PCR was carried out with microscopically positive samples. In case of carrier state with low levels of parasitemia, Babesia and Anaplasma organisms may not be found on microscopic examination (Atif et al., 2012) . However, for each sample three smears were examined very carefully so that not a single organism might escape.
Conclusions
The information generated from this study could be useful as basic information for further advance epidemiological study and formulation of control measures of the tick borne diseases. Further investigation using modern serological and molecular techniques with large number of samples for the identification of carriers, tick vectors and particularly hematophagic flies are needed.
